Background: An unbalanced diet is a main risk factor for several chronic diseases. This paper identifies groups of individuals with an unbalanced diet based on the consumption of nutrients. A characterisation of the groups may help to focus efforts aimed at improving the dietary behaviour of the population. Methods: Using nutritional data of 1763 men and 2267 women participating in the German Nutrition Survey of 1998, we constructed two indices for diet quality that each combines a large amount of nutrients into a single indicator. The impact of sociodemographic and lifestyle characteristics on the diet quality indices was analysed using multiple regression analyses. Results: The results show a considerable variation of diet quality between different groups of individuals. High diet quality in terms of the consumption of vitamins, minerals and trace elements is positively associated with income, education level, age, energy intake, food diversity, sport activity and vegetarianism. On the other hand, a low diet quality as indicated by high intakes of e.g. fat, sugar, alcohol and sodium can be expected when energy intake is high, for individuals of middle age and for pregnant and breast-feeding women.
An unbalanced diet is a main risk factor for several chronic diseases, among which are obesity, stroke, cancer and type 2 diabetes mellitus. These diseases contribute to preliminary deaths, restrict life quality and lead to enormous costs for health systems. Thus, health policy is strongly motivated by the need to monitor the population's diet and, when necessary, to help improve dietary status by providing nutrition information and education. This population focus raises the question of whether groups of individuals can be identified whose consumption of certain nutrients is systematically too high or too low. If these groups can be characterised, efforts to improve the dietary behaviour of the population may be undertaken in a more focused and efficient manner.
The predominant approach undertaken in previous studies that attempted to identify such groups focused on the measurement of single dietary components for evaluating diet quality 1 . For example, dietary energy, fat and selected micronutrients have been used as indices of overall nutrient adequacy 2 . Since prevention and therapy of diet-related diseases may need a more holistic approach based on foods 3, 4 , some recent studies have concentrated on developing a composite index of dietary behaviour 1,4 -11 . The general purpose of these indices is to combine a large amount of information about eating habits into a single indicator. The advantage of such an indicator is that dietary behaviour can be analysed as a single factor evaluating many compounds of our diet.
The nutrition literature contains a wide variety of diet quality indices. An overview of these indices has been given by Kant 2 . Composite indices differ in the number of dietary components included, which ranges from eight 1 to approximately 20 8 . They also vary in the composition of the components. Some authors combine foods and nutrients in one index 4, 7, 9 , while others separate them 6 . Whereas some authors combine indicators of excess intake and of deficient intake in one single index 1, 4, 6, 7, 9 , others make separate indices 8 . Finally, indices also differ in the construction of scores. In some studies, each index component was scaled into a few subgroups (e.g. dietary guidelines reached ¼ 1, not reached ¼ 0) 4, 8, 9 . In other studies, the individual score was determined more quantitatively, as a proportion of dietary recommendations 5 . Dubois et al. have compared different diet quality indicators 12 . All mentioned indices have specific advantages and disadvantages. In this analysis two new diet quality indices were constructed, which combine positive aspects of previous indices into single indicators. These new indices are used empirically to analyse several determinants of diet quality, to identify groups of individuals with a low or high diet quality.
Materials and methods

Data assessment
From October 1997 to March 1999 the representative German National Health Interview and Examination Survey was conducted, with a total of 7124 participants aged 18 -79 years, by the Robert Koch Institute (RKI), Berlin. The participants were sampled from population registries, stratified by age, gender, community size and federal state. A sub-sample of 4030 persons (2267 women, 1763 men) participated in the affiliated German Nutrition Survey. The Nutrition Survey participants were interviewed comprehensively about their diet of the preceding four weeks by trained nutritionists using a validated computerised dietary history (DISHES 98 -Dietary Interview Software for Health Examination Studies) 13, 14 . Also during the DISHES interview the participants were asked about their use of dietary supplements. The intake frequency during the past year, together with brand names of the following vitamin and mineral supplements, was assessed: vitamin B complex, vitamin C, vitamin E, folate, multivitamins and mineral supplements. From the quantitative information on both foods and supplements obtained, the average total nutrient intake per day was summarised for each individual using both the German Food Composition Table ('Bundeslebensmittelschlüssel') version II.3 and a supplement composition database developed by the GSF -National Research Centre for Environment and Health, Institute of Epidemiology, Neuherberg, and updated by the RKI 15 .
Index construction
To analyse the diet quality comprehensively, a comparatively high number of 35 nutrients were included. According to Herrmann and Röder 8 , components of excess and of deficient intake were separated into two indices for the following reasons. First, important information would be lost in an aggregate index. It is of great scientific interest to know whether a special diet quality is the result of over-consumption (e.g. of fat and cholesterol) or under-consumption (e.g. of vitamins, minerals and trace elements) 16, 17 . Second, the general problem of weighting index components would become very obvious in an aggregate index. It is difficult to assess the health value of components of under-consumption like vitamin C, in comparison with components of overconsumption like saturated fats.
The score of the indices was determined by the ratio of nutrient intake relative to the respective reference intake. Ratio calculations of each nutrient available in the database were performed. Two examples are shown in Appendix A. Such nutrient ratios were first reported by Madden et al. 18, 19 . As the empirical database refers to German individuals, the guidelines of the German Nutrition Society (DGE) were used as a reference for nutrient intake 20 . The reference values stated by the DGE include both Recommended Dietary Allowances, which are defined to meet nutritional needs, and so-called 'Richtwerte' that refer to desirable levels of intake, e.g. for carbohydrates, fibre, total fat and alcohol. It was taken into account that recommendations differ according to gender, age, pregnancy, breast-feeding and physical activity. Physical activity was taken into account only for the intake of fat, although the need for other nutrient components is also influenced by physical activity. This had to be neglected, since the DGE provides no physical activity-specific 21 ), no further credit was given, which means the maximum score of each nutrient is 100 and the minimum 0. The indices were constructed by adding up scores of the nutrients. The first index (deficient index) includes 13 vitamins, 12 minerals and trace elements, proteins, carbohydrates, two essential fatty acids and dietary fibre. The second index (excess index) contains fat, cholesterol, the ratio of saturated to unsaturated fatty acids, sugar, alcohol and sodium. Whereas it is preferable from a health perspective to consume the components of the first index in amounts above 100% of recommendation, the components of the second index should be consumed in moderation. The components of the indices are shown in Table 1 .
Since all scores of the single nutrients were summed up, the maximum of the deficient index, which included 30 components, was 3000. The excess index, on the other hand, consisted of six elements, and the maximum score was 600. Within the boundary of zero up to 3000 and 600, respectively, a higher score indicates a more favourable diet.
The diet quality indices developed were used to analyse several socio-economic determinants of health-related dietary behaviour among 4030 German adults participating in the German Nutrition Survey 1998.
Statistical analyses
Multiple linear regression models were used to explore the relationship between the constructed indices and a variety of explanatory variables. The regression models were performed for men and women, separately, with SPSS version 10.0 (SPSS Inc., Chicago, IL, USA). The separate analysis for men and women allows us to choose more flexible models. Preceding analysis, where a gender variable was included in one regression model, showed significant differences between men and women.
Results
The definition and descriptive statistics of all variables involved are reported in Appendix B. Results of the regression models for men and women are shown in Table 2 .
Income shows a positive association with the deficient index and a negative association with the excess index among women. Among men, the first-degree term of income shows a significant positive association, the second-degree term a negative association with the excess index. This combination of both terms indicates that diet quality increases with rising income, reaches its maximum in a high-income group and then decreases moderately again. Total energy intake is positively associated with the deficient index and negatively associated with the excess A positive sign indicates a better diet quality. This means, for the deficient index, a higher consumption of vitamins, minerals and trace elements and for the excess index, a lower consumption of fat, sugar, alcohol and sodium. The variables are described in Appendix B. Missing age and income coefficients mean that different models are used for the four estimated regression models. *, P , 0.05; **, P , 0.01.
index for both men and women. Food diversity, expressed by the number of different foods consumed, is positively associated with the deficient index. Thus, with a larger variation in diet, its quality rises considering the intake of vitamins, minerals and trace elements. Diet quality is strongly associated with age for both men and women. With respect to the deficient index, the significant contribution of a quadratic term for men and a logarithmic term for women indicates that diet quality increases with age but in a different way for men and women. For women it continues through old age, while for men it increases to the age of 73 years and then decreases moderately thereafter (see Fig. 1a ). In our database 57 males are older than 73 years. These results refer to constant energy intake with increasing age. In fact, people consume less energy with increasing age. Considering this, the combined effect of age and energy intake on diet quality is presented in Fig. 1b . For men, the negative effect of a reduction of energy on diet quality is stronger than the positive effect with increasing age. Therefore diet quality declines with increasing age. For women, however, the diet quality index increases (see Fig. 1b ). In general, men have a better diet quality regarding vitamins, minerals, etc. than do women.
The parameter estimate of the excess index for both genders indicates that the influence of age on diet quality decreases to the age of approximately 50 and then increases with age (see Fig. 2a ). Similar to the deficient index, the influence of age interferes with that of energy intake. As seen in Fig. 2b , the reduction of energy associated with increasing age has a stronger positive effect on diet quality than the direct negative effect of age. In summary, diet quality increases with increasing age constantly for women and for men from age approximately 45 years upwards. In contrast to the deficient index, women have a higher excess index than do men.
The relationship between education and diet quality is significant for the deficient index only. Men with a low education level have a lower index than men with an intermediate education level (the reference population), whereas women with a higher education level have a Fig. 1 Impact of age and energy intake on diet quality for the deficient index. (a) Pure age effect (constant energy intake with increasing age); (b) combined effect: age and energy intake (decreasing energy intake with increasing age) higher deficient index than do women with an intermediate education level. There is no pronounced relationship between region and diet quality. The parameter estimates of almost all indicator variables did not differ significantly from zero. Only men living in South and East Germany have a significantly lower quality of diet compared with the reference population of men living in central Germany. In addition, seasons do not have any effects on diet quality. Both pregnant and breast-feeding women have a significantly lower excess index. Obviously, these women consume higher amounts of e.g. fat and sugar than the reference female population. Concerning the intakes of vitamins, minerals and trace elements (represented by the deficient index), no better diet quality could be observed for pregnant or breast-feeding women compared with other women. Finally, sport activity and vegetarianism show a significant positive association with the deficient index. Persons participating in sports for more than 1 h per week and vegetarians tend to achieve an adequate and healthy diet more frequently than their counterparts. However, no differences exist with respect to the excess index.
Discussion
An excess intake of e.g. fat and a deficient intake of vitamins, minerals and trace elements are associated with the development of chronic diseases. To ensure that intakes meet recommended guidelines, public health organisations and dietitians need to develop practical educational strategies for making adequate food choices. The results of this study could help to identify groups of persons with a preferable and groups with a nonpreferable diet quality.
Among women, the micronutrient composition of the diet becomes more favourable with increasing income, which we expected. On the other hand, the index reflecting intakes of fat, cholesterol, the ratio of saturated to unsaturated fatty acids, sugar, alcohol and sodium becomes less favourable as income increases. Both findings were observed previously 8 . Men with low income tend to consume too much fat, cholesterol, saturated fatty acids, sugar, alcohol and sodium. Up to a high-income group, diet quality increases with rising income. Nevertheless, the impact of income on diet quality is Fig. 2 Impact of age and energy intake on diet quality for the excess index. (a) Pure age effect (constant energy intake with increasing age); (b) combined effect: age and energy intake (decreasing energy intake with increasing age) comparatively small. Figures 3 and 4 show, for the deficient and excess index respectively, that compared with a person of the middle income group (50% quartile), a change in income to the 25% or 75% quartile results in a change in diet quality by less than 1%.
The positive association between total energy intake and diet quality is as expected. If a person eats more, he has a higher ability to reach the recommended intakes of vitamins, minerals and trace elements. However, he may additionally tend to have excessive intakes of fat, cholesterol, saturated fatty acids, sugar, alcohol and sodium, which we also observed. Murphy et al. previously reported a strong inverse correlation between energy intake and the number of nutrient intakes below recommended guidelines 16 . The high relationship between energy intake and diet quality is shown in Figs 3 and 4 . Regarding the deficient index, the deviation from the reference individual with a middle energy intake is approximately 2%; regarding the excess index, it is up to 9%.
As previously observed, we also found a positive association between food diversity and diet quality, which indicates that a well-balanced diet might be reached more easily by choosing a large variety of foods 21 . Figure 3 indicates that high and low food diversity, respectively, lead to a change in the diet quality index by approximately 1%.
The results show a considerable variation of diet quality between sociodemographic groups. High diet quality in terms of the consumption of vitamins, minerals and trace elements can be expected when income and education levels are high, when energy intake and food diversity are high, among persons of higher age, for physically active persons and among vegetarians. On the other hand, a low diet quality with high intakes of fat, cholesterol, saturated fatty acids, sugar, alcohol and sodium is correlated with higher income (for women) and energy intake. These two variables are found to be opposing in the two indices of diet quality (excess intake and deficient intake). In addition, an unfavourable dietary composition can be expected for persons of middle age (about 50 years). In particular, pregnant or breast-feeding women have an unfavourably high consumption of unhealthy nutrients.
For health policy, the impact of age in particular seems to be interesting. The results of the present paper suggest that diet quality rises with increasing age. Such behaviour might reflect a changing health consciousness with increasing age. It could thus be a challenge for health policy to promote a healthy way of living focused particularly on young individuals. In addition, the positive influence of high food diversity on diet quality could be interesting for public health strategies. To inform people about the importance of consuming a larger variety of foods could be a task for health politics. So far, we measured food variety by counting the number of food items actually consumed. This index has the disadvantage that it neither considers information on the distribution of food quantities consumed nor on the heterogeneity of the different foods. Studying the impact of food diversity on diet quality with a more appropriate measurement could be a promising area of future research. The results of this study are based on a cross-sectional survey, giving a status quo that may change over the years since patterns of food choices may change over time. Nevertheless, they are also representative for the German adult population and therefore reflect general trends in Germany. These analyses may be a first step to determine population groups with excess and deficient intakes. . These values are summarised to a specific equivalence value for each household.
